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(71) We, BAYER AKTIENGESELLSCHAFT a body corporate oi:^ised 
under the laws of the Federal Republic of Gcnnany of 509 Leveikusen, Germany, 
do hereby declare the inv^tion, for which we pray that a patent nuty be granted to 
us, and the method by which it is to be performed, to be particularly described in and 
by the following statement:— 

This invention relates to an aqueous pigment suspension and in particular to a 
titanium dioxide pigment suspension and to a process for its pieparation. 

Pigments are widely used and processed in the form of aqueous suspensions. 
Examples ate die manufacture of pigmented paper, in which anatase is added to an 
aqueous suspension of cellulose fibres and the pulp is formed into a paper sheet on a 
sieve after the addition of auxiliary agents such as flocking agents, or the manu- 
facture of disperse dyes in which titanium dioxide pigments may be added to an 
aqueous synthetic resin dispersion in addition to fillers such as silicates, chalk and 
heavy spar, etc.. Pigment suspensions of this kind are also important where spray 
drying processes are carried out, e.g. following an after-treatment of titanium dioxide 
pigments, for example, with SiO,, AljOs or TiOa. Suspensions used with diis method 
of drying must have as low a water cQntmt as possible for economical reasons but^ 
th^ must still be fluid. 

To facilitate the use of the pigment in aqueous suspensions by the consim:ier, it 
has become customary to market die pigments in the fonn of highly concentrated 
aqueous su^ensions (from 50% to 75% by weigjit) instead of as dry powders. When 
preparing such suspensions, it is aimed to keep their water content as low as possible 
in order to achieve optimum utilisation of the storage and transport space. However, 
such pigment suspensions having a high solid content are very hig^y viscous and 
tend to thicken in storage so diat the suspensions become diMcult to use. It has 
therefore become customary to treat the suspensions with certain additives VThidi re- 
duce their viscosity and prevent thickening. a-'Aminoalkylene diphosphonic acids have 
aheady been proposed as such additives, e.g. phenylaminomethylene diphosphonic 
acid (German Offenlegungssdirift No. 1,542,202, US Patent Spedfication No. 
3,713,859). 

However, pigment suspensions of this kind, as a rule, still have too high a 
viscosity or else a relatively limited storage life. 

We have sought to obviate or at least substantially to reduce the disadvantages 
which occur in known pigment suspensions. 

Accordingly, the present invention provides aqueous pigment suspensions whidi 
contain at least one aminophosphonic add of the general formula (I) 
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(I) 



and/or salt thereof, 
in which formula 

R° and denote, independendy of each other, hydrogen or an alkyl group 
having from 1 to 3 carbon atoms and 
n has a value of from 3 t 11. 
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The aqueous pgrnent snsiieiision acconliM to the iirventiQn has a hkh solid 
comcm: and is ezcqytionaUy stable m storage. 

conocmraticm of dsesc additives is preferably from 0.01 to 1% by wziAt 
i; ^^y^i? ^.^^ content of the pigment S!.!spcnsions, more preferably from O.olto 
4^ ^'^^ ™^ preferably from 0.1 to 0.3% by wci^t. 
The aqueous pigment suspension may contain, for caampie, from 50% to 75 V 
by ot pigment. 

The present invration also provides a process for die preparation of an aqueous 
10 (1)°^ susqpension wheiem at least one amisophosiAonic add of the general foimala 



./^ \, S (I) 



f^-N . C(-? W2 

aod/or at least one salt thereof wherein 

having I'^afeo^Sd '"^^ ^ ^'^'^ or an allgrl group 

15 » has a value of from ? to 11 

^"S?l'1?U!L5*°^l!^°'^, <«■ after suspension of the ptgment and wfaeidn 

thesfHisadinsisdtowiihinapHiai^eof fromS tolZ. pns««Bi ana wneton 

AmuiafAosphcnic acids of ibe general fumoila fl) irtierein tsS5 am alrMri., 
km^ from (Sennas OffenlegiBigs.djxai No. 2^43,15^^ ^ " 

to tte e^^Lr^f/rT^tl-S:'' aminqphosphonic adds correqwading 

M^Ill^SS^ rff ^ ^^"^ ?2«<;yc««alkane diphosphonic acids show a subl 
stawuaUy better effect than anuno^jiosphonic adds of tiie kind described, for «c^^ 
"71^^ OfftaUegungr^rift No. Ip42^ or in OS Pa^g^o^N^ 

^ suspensions prepared according to the invention aie distinguished from 

rmpc^ s^jjty m storage. Anodier advaaage is that die riu^i^ 
qoired as addmves can easily fae prttnmd aM% high yields^Sm^Sv rfmov' 
readdy aval able starting materials. F^Acimoi^ fl^riSTinX SSrtL 
30 p«ments widiin the usual toienmces have a ^ proaomSd e^^S^I,;!^ 

FcO^Cr^T^^ ^- j^"" '""^c pigments sodi as SiO., FeOOH, 

35 hSI^a. PaK'Culady advantageous resolis are Stained wi4 titanhm 

^^^J*'^** '"^^ *«■ Tbe titanium dioxide^giSi 

T-^^L^^'' organic after-treatmems. Known inorSi£^tiS,S 

7„n^n coffiosts, f or «amp!e. of envdopmg diem wiA SiO, Al.cT^a 

f^^?' phosphates. Organic after-^unent with anJines^ hydrox^: 

40 SSf T^f^S*^ no way impairs die preparation of thc^Sn«?SI^ 

urrid^wSfT 2"°"*^ ^° d,e*^p^nt invention ^i^lS^ 

up by tiie cfalonde process or by dse sulphate process woncea 

lM«J«* o^T"^? samples of diphosphonic adds which may be used: Azacyclo- 
h^ane (2^) diphosphonic acid, azacydopentane (2,2) diphosphonic add/Kl 
45 ^w?^"^?"'^ (2;2) diphosphonic acid, 7-me\hylazacydoh^tane (2,1) S- 
l"**'u^? azaq^dotridecane (2,2) diphosphonic add. N^tral a^ add 
salts of diphosphonic aad may also be used. Suitable cations for diis ourDose 
!S2I™f' sodium, lithium, potassium, magnesium, ammonium, hydra- 

^^J^^ ammomum and primary, secondary, tertiary and quaten^ am- 
^ ^ mentioned above, tiidr'monoaimoniS^ X: 

are also particularly preferred additives according to die present mvention. 
^n..w Mspensions may contain the usual auxUiary substances such a» 

celhdose ediers. sorbitol, etc., fillers such as heavy spar, dis^ saia^tT^ 
^r^rhi«"T T and preservatives sudi as ^ira^drforoiiSacresol^ s(3£ 
pcntadilorophenolat^ etc. These auziliaiy substanceTare generally used ta^iaaS 
ISZ, * H ^ ''f'S^*' based ,^ die pigment sJpensioZ tS pTgSS ^1 
pensions are advantageously prepared by introdudog Inmdie leaction^^ 
qmnoty of water required for obtaming die desired s^d contem (eT 70y T^dS 
^'SJS .?^'*^."'*'"^^ before^ «ii«»ting die pH toTWtaf rf ^iT/ 1^" 

60 SdSSS'pS^c^TtiS"'** " fi^' 
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- Altemativdy, the pigment may be mixed stepwise with tbc required quantity 
: ,pf water with the aid f a hi^ speed stirrer which produces high tuibulence (e.g. 
a propeller srirru') so that a mash is formed to which the liquefying additives' arc 
introduced st^ywise as the mash thickens imtil the mixture c ntains the required per- 
centage of solid matter and liquefying agent Pigment suspensions whicji have already 5 
sofidifled (e.g. filtzx cakes) can be liquefied in analogous manner by vigorous 
mixing (c.g. kneading) with the liquefying additives according to the invention. 

The pigment suspensions according to the invention may be dried and milled. 
The resulting pigment powders may be reliquefied with water in a single operation 
to produce high percentage pigment suspensiras. Dry pigment powders may be 10 
tr^ttd in analogous manner by mixing or milling them in the solid state with the 
additives which are suitable for liquefaction according to the invendon, and the 
resuhmg mature may then be stirred with water to form a high percentage pigment 
suspension. 

^ ^ present invention will now be illustrated by the following Examples in wfaidi 15 

die percentages are specked on a weight basis: 

Example !• . 
Pr^aradon of various highly concentrated anatase suspensions using azacyclo- 
^fP^^. diphosphonic acid and, as comparison substance, phcnylaminometh\dene 
V diphosphcmic acid. 

The TiOj pigment used was a conunerdal product consisting of untreated 
anamse widi a TiOj coctent of 99%. The quantity of wetting agent was 0.1 y, 
ba»l on die quantity of pigment, Azacydoheptane (2,2)~diphosphonic acid (No. 1) 
used as wettmg agent was compared widi phenyiamino methylene 4iphosphonic add 

-> (No. 2) and its sodium salts. *^ . 

The anatase suspensions or sliuries were prepared by first introducing into the 
5^^**%^Sf^^ quantity of water required for obtaining the desired solid content 
\^^/o* 70/0 and 72%). When preparing die slurries of untreated anatase (Exaximles 
1 to 3), distilled water was used for the sake of better reproducibility. Ordinary 

J water was used for die other examples. The pH was adjusted to 8-^ widi NaOH 

after the required quantity of additive had been introduced into die water. The 
quanuty of anatase required for obtaining die necessary solid content was diaj 
added contmuoasly widi stirring. Finally, when all the pigment had been introduced 
mto the suspension, it was dispersed at die optimum speed of rotation for about 

' 20 mmutes. 

Theviscosities were measured (seconds), where possible using DIN 4- or DIN 
6-cups. This method at the same time demonstrates very clearly the flow properties 
of the suspensions. In addition, die viscosities (Pa.s) were determined with die aid of 
a rotanon viscosuneter (Rheomat 15 of Contraves, Switzerland), if possible at die 
J same shear veloaty or at die highest possible shear velocity (D/se<r^ 40 



Additives 


Solid 
Content 
(%) 


Viscosity in Rheomat 15 
D(sec-») (Pa.s) 0(360"-*) 


(Pa.s) 


DIN 4 

Cup 

(sec) 


DIN 6 
(sec) 


No. I 


68 


84.5 


0.089 


195.7 


0.059 


13.5 


5.7 




70 


84.5 


0.15 


195.7 


0.094 


15.0 


6.0 




72 


84.5 


0.24 


195.7 


0.13 


19.5 


6.3 


No. 2 


68 


74.48 


15.7 


98.3 


13.8 


mn 


nm 




70 


74.48 


15.7 


98.3 


19.6 


nm 


nm 




72 


79.37 


21.1 


98.3 


19.7 


nm 


nm 
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Example 2. 

Influence of die quantity of wetting agent on the viscosity and fluidity of a 72% 
anatase suspension when using azacycloheptane (2,2)-diphosphonic add (No. 1) and 
5 phenylammomediylene diphosphonic acid (No. 2). . 45 
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Preparation of the: sxispeinsioDS was carried out as in Exaiaple 1. Tlie solid content 
(72%) ctf the susp^nsicms was kept constant while the quanti^ of additive iv&s 
varied. Measurement of the IQuidity or viscosity was also carried oat as descrfted in 
EscampSe 1. 



Additive 


Quantity 
used 
(%) 


Solid 
con tent 
(%) 


Viscosity in 
Rheomat 15 
D (sec"0 (Pa.s) 


DIN 4 
Cup 
(sec) 


Ncl 


0,0 


72 




ZU. / ■ 


nm 




0,05 


72 


84*5 


0.28 


24.9 




0,1 


72 


84.5 


0.27 


24.3 




O.IS 


72 


84-5 


0.28 


23.1 




0.2 


72 


84,5 


0.32 


22.6 




0.3 


72 


84.5 


0.46 


33.0 


No. 2 


0.05 


72 


79.37 


21.3 


nm 




0.1 


72 


79.37 


19.5 


nm 




0.15 


72 


79.37 


17.5 


nm 




0.2 


72 


79.37 


16.8 


nm 




0.3 


72 


79.37 


19.3 


nm 



Example 3. 

Preparation of highly concentrated anatase suspensions widi 0.3% of additive. 
Preparation and measurement c^f die suspensions was carried out as described in 
Example 1. When using azacycloheptane (2,2)-diphosphonic acid (No. 1), methyl- 

10 azacycloheptane (2^)-dipho^honic add (No. 3) and azacydotridecane (2,2)-di- iQ 
phoq^onic acid ('No. 4)» the maximum concentration of smatase pigment (described 
in Example 1) whidi couid be obtained in suspensions which were still fluid was 72% 
and 75%j respectively. 'When aminoaimedsyleiiephosphomc acid (comparison sub- 
stance No. 5) was used, the highest concentfation obtainable in suspensicms wbidx 

15 weie still readily fluid was only 58%. When the solid content was increased to 60% 15 
and 62%9 the suspensions were already sli^dy pasty. 



Additives 


Solid 
content 
(%) 


Viscosity in 
Rheomat 15 
D(sec"*) (Pa.s) 


DIN 4 
. (sec) 


DIN 6 

Cup 

(sec) 


No. 1 


72 


84.5 


0.45 


36.0 


9.0 




75 


77.92 


1.15 


nm 


nm 


No. 3 


72 


77.92 


0.43 


12.0 


5.4 




75 


84.5 


0.44 


36.3 


9.0 


No. 4 


72 


77.92 


0.69 


nm 


nm 




75 


77.92. 


0.87 


nm 


nm 


No. 5 


58 


84.5 


0.024 


15.6 


6.0 




60 


98.3 


1.25 


nm 


nm 




62 


98.3 


2.14 


nm 


nm 



Example 4. 

Preparation of a 75% suspension of an after-treated anatase pigment widi the 
.aid of azacydoheptane (2,2)-^iphosphQaic acid (No. 1) and aminotrimetliyiene* 
^osphonic acid (No. 5). 

Preparation and measurement of the suspensions was carried ut as described in 
Example 1 except diat the pigment used in this case was a commercial micronised 
anacase pigment v^ch had been after-treated with aluminium oxide and an organic 
substance. The pigment has a TiO* content of 96%. Various quantities of additives 
were used. 



Additives 


Quantity 

(%) 


Solid 

(%) 


Viscosity in 
Rheomat 15 
D(sec-*) (Pa.s) 


No. 1 


0.0 


75 


31.6 


47.0 




0.1 


75 


137.5 


0.39 




0.2 


75 


137.5 


0.63 




0.3 


75 


137.5 


0.64 




0.4 


75 


137.5 


0.64 


No. 2 


0.1 


75 


137.5 


1.08 




0.2 


75 


137.5 


1.14 




0.3 


75 


137.5 


1.42 




0.4 


75 


137.5 


1.40 
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Example 5. 

^ Preparadon of a rutile suspension using two differently after-tieated rutile 
pigments and azacydoheptane (2,2).diphosphonic acid (No. 1), mediylazacydo- 
heptane (2,'2).di0iosphonic acid (No. 3), azacydotridecane (2^)-diphosphonic add 
(No. 4) and aminotrimethylene pho3phom"c add (No. 5). 

Preparation and me^urement of die suspensions was carried out as described in 
^cample 1. *Rutile 1 was a commerdal micronised rutile pigment which had been 
after-treated with aluminium and sOicon compounds and stabUized with zinc oxide. 
Rutile 2 differed from rutile 1 only in that it had been after-treated widi aluminium 
compounds alone. Both pigments were in addition organically treated, in each case 
0.1% of additives (based on the quantity of pigment) was used. 
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Additives 



Solid Additives 

cont. No. 1 No. 3 No. 4 No. 5 

D^sec 0 (Pa.s) D(sec-») (Pa.s) D(sec-0 (Pa.s) D(sec-0 (Pa.s) 



Rutile I 
Rutile 2 



72 
75 



195.7 
195.7 



0.044 
0.164 



195.7 
195.7 



0.06 
0.155 



195.7 
137.1 



0.005 
0.19 



195.7 
137.1 



0.124 
0.314 
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Example 6. 

Preparation of a suspension of two commerdal iron oxide black pigments 
(F^O^) using the additives mentioned in Example 5. Method of preparing and 
examining the suspensions as described in Example 1. 
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Pigment 



Solid 
content 
(%) 



D(sec-*) 



Additive 

(Ol.'^ based on quantity of pigment) 
No. i No. 3 No. 4 No. 5 
(Pa.s) (Pa.s) (Pa.s) (Pa,s) 



65 
62 



98.3 
98,3 



2.09 
2.22 



2.98 
1.87 



2.11 
2.61 



2.97 



Example 7. 

Preparation of a suqwasion of two conunetclai iron cadde ttd pigmeuts. FesOs 
is a micronised pigment. The suspensions were prepared and examined as in 
Example h 



ScUd 
content 

i ginent (%) DCs cc"*) 



Fe^O, 1 70 
FejO, 2 70 



195.7 
98.3 



No. 1 

(Pa,s) 

2.31 



Additive (0,1%) 
No. 3 No, 4 No. 5 
vPa.s) (Pa,s) {Pa.s) 



0,067 
1.97 



0.122 
3.22 



Example S. 

Preparation of a suspension of a conunerdal micronised iron yellow pigmenr 
(FcOOH). ^ 



Pigment 



Solid 
content 
(%) 



D(sec-*) 



No. 1 
(Pa.s) 



FeOOH 



42 



98.3 



3.84 



Additives (0.1%) 

No, 3 ^ No. 4 No. 5 

(Pa-s) (Pa.s) (Pa.s) 



3*34 



3.64 



6.34 



Example 9. 

Preparation of a suspension of commercial dirxjoaium oxide {Mgment (CraO«). 

Solid Additive 
content No. 1 No- 3 No. 5 

Pigment (%) DCsec""*) (Pa.s) D(sec"0 (Pa.s) D(sec-*) (Pa.s) 



Cr^O, 



75 



195.7 



0.491 137.1 



0.335 98.3 



2.51 



15 



WHAT WE CLAIM IS:— 

1. An aqueous pigment suspension containing at least one aminophosphonic 
aad of the general formula (I) 



15 
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(I) 



20 



and/or at least one salt Thereof, in which formula R% R- and denote, independendy 
of ea^ other, hydrogen or an alkyl group having from 1 to 3 carbon atoms and n 
has a value of from 3 to 11. 

2. An aqueous pigment suspension according t claim 1, which c ntains 0.01 to 



20 
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1% by weight of the aminoi^osphoiuc acid and/or salt based n tfae solid content cf 
the pigment suspension. . 

3. An aqueous pigment suspension according to claim 2, which contains 0.05 to 
0.5% by wei^t of the aminojAosphonic acid and/or salt, based on the solid content of 

5 the pigment suspension. 5 

4. An aqueous pigment suspension according to claim 3, -wliich contains 0.1 to 
0.3% by weight of die aminophosphonic acid and/or salt, based on the solid content 
of the pigment suspension. 

5. An aqueous pigment suspension according to any of claims 1 to 4, which con- 

10 tains from 50% to 75% by weight of pigment. 10 

6. An aqueous pigment suspension according to any of claims 1 to 5, which con- 
tains one or more of sodium, lithium, potassium, magnesium, ammoniimi, hydrazinium, 
hydrojcyl ammonium or alkyl ammonium salts of die aminophosphonic acid of general 
fonnula (I). 

15 7. An aqueous pigment suspension according to any of claims 1 to 6, which con- 15 

tains titanmm dioxide pigment. 

8. An aqueous pigment suspension according to claim 1 substantially as herein 
described with reference to any of the specific Examples. 

9. A process for the preparadon of an aqueous pigment suspension which contains 

20 at least one aminophosphonic acid and/or at least one salt thereof, wherein at least one 20 

aminophosphonic acid of die general fonnula (I) 

/ \ 9 

R-N C(-P (0'^2)2 

and/OT at least one salt thereof, 

in which formula RS and R* denote, independently of each other, hydrogen or an 
25 alkyl group having from 1 to 3 carbon atoms and «^3 to 11, 25 
is mixed with a pigment before, during or after suspension of the pigment in water 
and wherein the pH is adjusted to within a pH range of from 5 to 12. — 

10. A process according to claim 9 substandally as herein described widi refer- 
ence to any of die specific Examples. 

30 11. An aqueous suspension when prepared by a proccess as claimed in daim 9 30 

or 10. 

12. A pigmented paper comprising a pigment derived from an aqueous pigment 
suspension according to any of claims 1 to 8 and 11. 

13. An aqueous syn±edc resin dispersion comprising a pigment suspension 

35 accordmg to any of claims 1 to 8 and 11. . 35 

ELKINGTQN & FIFE, 
Oiartered Patent Agents, 
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